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Inspired by the newly observed Ωb states by the LHCb Collaboration, we investigate the two-body strong
decays of the low-lying λ-mode Ωb baryons up to N = 2 shell using the chiral quark model within the j- j
coupling scheme. Our results indicate that: (i) the newly observed states Ωb(6316)
− and Ωb(6330)− are good
candidates of the light spin j = 1 states, while the spin-parity JP = 1/2− and JP = 3/2− cannot be distinguished.
The other two states, Ωb(6340) and Ωb(6350) mostly correspond to the light spin j = 2 states, while the spin-
parity JP = 3/2− and JP = 5/2− cannot be distinguished as well. (ii) The 2S states with spin-parity JP = 1/2+
and JP = 3/2+, respectively, might be narrow states with a width of Γ < 2 MeV. (iii) The 1D states are not broad
and the total decay widths vary from several to dozens of MeV, which have a good potential to be observed in
future experiments.
PACS numbers:
I. INTRODUCTION
Since the heavy quark provides a “flavour tag” that may
give insight into the systematics of hadron resonances and the
mechanism of confinement, the studies of hadrons containing
heavy quarks (c or b) are important topics in hadron physics.
It is evident that heavy-quark hadrons play an important role
in our understanding of QCD. Since the first observation of
the beauty baryon Λb at the CERN pp¯ collider [1], many
singly heavy baryons were observed by various world wide
experimental facilities in the past three decades [2]. In recent
years, there have been specially fruitful in the observation of
the heavy baryon states [3–9]. The rapidly growth of the ex-
perimental progress attracts a a great deal of attention from
the hadron physics community.
Very recently, in the Ξ0
b
K− mass spectrum obtained using
pp collisions the LHCb Collaboration reported four narrow
peaks [10],
m[Ωb(6316)
−] = 6315.64± 0.31 ± 0.07 ± 0.50 MeV,
Γ[Ωb(6316)
−] < 2.8(4.2) MeV, (1)
m[Ωb(6330)
−] = 6330.30± 0.28 ± 0.07 ± 0.50 MeV,
Γ[Ωb(6330)
−] < 3.1(4.7) MeV, (2)
m[Ωb(6340)
−] = 6339.71± 0.26 ± 0.05 ± 0.50 MeV,
Γ[Ωb(6340)
−] < 1.5(1.8) MeV, (3)
m[Ωb(6350)
−] = 6349.88± 0.35 ± 0.05 ± 0.50 MeV,
Γ[Ωb(6316)
−] < 2.8(3.2) MeV, (4)
where the uncertainties are statistical, systematic and the lim-
ited knowledge of the Ξ0
b
mass, respectively. The natural
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widths Γ correspond to 90% (95%) confidence level upper
limits.
Before the LHCb’s measurement [10], there exist many
theoretical calculations of the mass spectrum of the excited
Ωb states with various quark models [11–18], Regge phe-
nomenology [19], QCD two-point sum rule method [20, 21],
etc. We collect the theoretical predictions in Table I. From
the table, the four peaks observed by the LHCb Collabora-
tion [10] are in the predicted mass region of the 1P wave exci-
tations [11–14, 16–18]. In addition, the possibility as 2S exci-
tations cannot be excluded absolutely based simply on the pre-
dicted masses [15, 17]. There are also some discussions of the
strong decay properties of the excitedΩ−
b
states. In the frame-
work of the QCD sum rule method [22], the 1P- and 2S -wave
states with spin-1/2 and spin-3/2 are predicted to be narrow
resonances. Within an harmonic oscillator based model, the
authors in Ref. [14] obtained that the 1P-wave states should
be narrow resonances as well. With a chiral quark model our
group predicted that in the L-S coupling scheme the 1P-wave
states with spin-parity JP = 3/2− and JP = 5/2− should be
narrow states with a width of a fewMeV, while two JP = 1/2−
1P-wave states |2P1/2〉 and |4P1/2〉 are most likely to be broad
states with a width of Γ ∼ (50 − 100) MeV [23]; however, in
the j- j coupling scheme only the j = 0 P-wave state with
JP = 1/2− is a broad state, the other four 1P-wave states
should be narrow states [24]. Recently, Liang et al. [25] as-
signed the observed four peaks as the 1P wave states within
the quark pair creation model. The similar results were ob-
tained in Refs. [26, 27]. In addition, the possible interpreta-
tions of the four peaks as the meson-baryon molecular states
were presented as well in Ref. [28].
We notice that for the singly heavy flavour quark systems,
proper consideration of the heavy quark symmetry is neces-
sary, thus, the states may more favor the j- j coupling scheme.
With this coupling scheme, we have studied the strong decays
of the 1P-wave singly bottom heavy baryons in our previous
work [24]. In the present work, we further conduct a system-
atical study of the strong decay properties of the low-lying
2TABLE I: The predicted masses (MeV) of the Ω−
b
states within various phenomenal models and methods. |JP, j〉 (nl) denotes the state within
the j- j coupling scheme.
|2S+1LJ〉(NL) NRQM [11] hCQM [12] RQM [13] QM [14] ChQM [15] QM [16] CQM [17] CQM [18] Exp [2]
|JP = 1
2
+
, 1〉(1S ) 6076 6048 6064 6061 ± 15 6045 6081 6037 6065 6046
|JP = 3
2
+
, 1〉(1S ) 6094 6086 6088 6082 ± 20 6045 6102 6090 6088
|JP = 1
2
−
, 0〉(1P) 6333 6338 6339 6305 ± 15 6288 6301 6278 6352
|JP = 1
2
−
, 1〉(1P) 6340 6343 6330 6317 ± 19 6288 6312 6373 6361
|JP = 3
2
−
, 1〉(1P) 6336 6328 6340 6313 ± 15 6288 6304 6278 6330
|JP = 3
2
−
, 2〉(1P) 6344 6333 6331 6325 ± 19 6288 6311 6373 6351
|JP = 5
2
−
, 2〉(1P) 6345 6320 6334 6338 ± 20 6288 6311 · · · 6336
|JP = 1
2
+
, 1〉(2S ) 6517 6455 6450 · · · 6384 6472 6367 6440
|JP = 3
2
+
, 1〉(2S ) 6528 6481 6461 · · · 6384 6478 6398 6450
|JP = 1
2
+
, 1〉(1D) 6561 6601 6540 · · · · · · · · · · · · 6526
|JP = 3
2
+
, 1〉(1D) 6559 6583 6549 · · · · · · · · · · · · 6518
|JP = 3
2
+
, 2〉(1D) 6559 6589 6530 · · · · · · · · · · · · 6520
|JP = 5
2
+
, 2〉(1D) 6561 6567 6529 · · · · · · 6492 · · · 6512
|JP = 5
2
+
, 3〉(1D) 6566 6573 6520 · · · · · · 6494 · · · 6490
|JP = 7
2
+
, 3〉(1D) · · · 6553 6517 · · · · · · 6497 · · · 6502
λ-mode Ωb states in the j- j coupling scheme, and attempt to
decode the inner structures of the four peaks observed by the
LHCb Collaboration [10]. Our theoretical results suggest that
both theΩb(6316)
− andΩb(6330)− are good candidates of the
light spin j = 1 states, while the spin-parity JP = 1/2− and
JP = 3/2− cannot be distinguished due to the limited data.
The other two states, Ωb(6340)
− andΩb(6350)− are good can-
didates of the light spin j = 2 states, while the spin-parity
JP = 3/2− and JP = 5/2− cannot be distinguished as well.
In addition, we notice that the light spin j = 0 states with the
spin-parity JP = 1/2− are most likely to be a moderate state
with a width of Γ ∼ 100 MeV, and the ΞbK decay channel
almost saturates its total decay widths. For the 2S -wave Ωb
states with JP = 1/2+ and JP = 3/2+, they might be narrow
states with a width of Γ < 2 MeV. We notice that the 1D states
are not broad and the total decay widths vary from several to
dozens of MeV, which have a good potential to be observed in
future experiments.
This paper is organized as follows. In Sec. II we give
a brief introduction of the strong decay model and the rela-
tionship of the singly-heavy baryon spectrum between the j- j
coupling scheme and the L-S coupling scheme. We discuss
the strong decays of the low-lying 1P-, 2S -, and 1D-wave Ωb
states within the j- j coupling scheme in Sec. III and summa-
rize our results in Sec. IV.
II. THE MODEL
In this work we study the strong decay properties with the
chiral quark model. This model has been successfully ap-
plied to study the strong decays of baryons and heavy-light
mesons [23, 24, 29–41]. In the chiral quark model, the ef-
fective low energy quark-pseudoscalar-meson coupling in the
SU(3) flavor basis at tree level is described by [42]
Hm =
∑
j
1
fm
ψ¯ jγ
j
µγ
j
5
ψ j~τ · ∂µ~φm, (5)
where ψ j corresponds to the jth quark field in a baryon. fm
stands for the pseudoscalar meson decay constant. φm denotes
the pseudoscalar meson octet.
To match the nonrelativistic harmonic oscillator spatial
wave function NΨLLz in the calculations, we adopt a non-
relativistic form of the quark-pseudoscalar coupling and ob-
tain [43–45]
Hnrm =
∑
j
{ ωm
E f + M f
σ j · P f + ωm
Ei + Mi
σ j · Pi
−σ j · q + ωm
2µq
σ j · p′j
}
I je
−iq·r j , (6)
where (Ei, Mi, pi) and (E f , M f , p f ) represent the en-
ergy, mass and three-vector momentum of the initial and fi-
nal baryon, respectively. (ωm, q) are the energy and three-
vector momentum of the final light pseudoscalar meson. p′
j
=
p j − (m j/M)Pc.m. is the internal momentum of the jth quark in
the baryon rest frame. µq stands for a reduced mass expressed
as 1/µq = 1/m j + 1/m
′
j
, and σ j denotes the Pauli spin vector
on the jth quark. The isospin operator I j associated with K
meson is given by
I j =

a
†
j
(u)a j(s) for K
−,
a
†
j
(d)a j(s) for K¯
0.
(7)
Here, a
†
j
(u, d) and a j(s) are the creation and annihilation op-
erator for the u, d and s quarks on jth quark.
Then the partial decay width for the emission of a light
pseudoscalar meson is
Γ =
(
δ
fm
)2
(E f + M f )|q|
4πMi
1
2Ji + 1
∑
Jiz J f z
|MJiz,J f z |2, (8)
3where Jiz and J f z are the third components of the total angu-
lar momenta of the initial and final baryons, respectively. δ
denotes a global parameter accounting for the strength of the
quark-meson couplings. MJiz,J f z stands for the transition am-
plitude.
According to our previous works [24, 29] together with the
nature of the newly observed four peaks [10], the physical
states of the singly heavy baryons seem more favor the j-
j coupling scheme. Thus, in the present work we study the
strong decay properties within this coupling scheme.
In the L-S coupling scheme, the states are constructed
by [16]
∣∣∣2S+1LJ〉 =
∣∣∣∣[(lρlλ)
L
(
sρsQ
)
S
]
JP
〉
, (9)
where lρ and lλ are the quantum numbers of the orbital an-
gular momenta lρ and lλ for the ρ- and λ-mode oscillators,
respectively. L corresponds to the quantum number of the to-
tal orbital angular momentum L = lρ + lλ, which determine
the parity of a state by P = (−1)lρ+lλ . sρ and sQ stand for the
quantum numbers of the total spin of the two light quarks sρ
and the spin of the heavy quark sQ, respectively. S is the quan-
tum number of the total spin angular momentum S = sρ + sQ.
According to the quark model classification, there are five λ-
mode 1P-wave states, six λ-mode 1D-wave states and two 2S -
wave states, and their corresponding quantum numbers have
been collected in Table II.
TABLE II: The classifications of the low-lying λ-mode 1P-, 1D- and
2S -wave states within the L-S coupling scheme.
|2S+1LJ〉 JP nρ lρ nλ lλ L sρ sQ S
|2Pλ 12
−〉(1P) 1
2
−
0 0 0 1 1 1 1
2
1
2
|2Pλ 32
−〉(1P) 3
2
−
0 0 0 1 1 1 1
2
1
2
|4Pλ 12
−〉(1P) 1
2
−
0 0 0 1 1 1 1
2
3
2
|4Pλ 32
−〉(1P) 3
2
−
0 0 0 1 1 1 1
2
3
2
|4Pλ 52
−〉(1P) 5
2
−
2 0 0 0 1 1 1
2
3
2
|2S 1
2
+〉(2S ) 1
2
+
0 0 1 0 0 1 1
2
1
2
|4S 3
2
+〉(2S ) 3
2
+
0 0 1 0 0 1 1
2
3
2
|2Dλλ 32
+〉(1D) 3
2
+
0 0 0 2 2 1 1
2
1
2
|2Dλλ 52
+〉(1D) 5
2
+
0 0 0 2 2 1 1
2
1
2
|4Dλλ 12
+〉(1D) 1
2
+
0 0 0 2 2 1 1
2
3
2
|4Dλλ 32
+〉(1D) 3
2
+
0 0 0 2 2 1 1
2
3
2
|4Dλλ 52
+〉(1D) 5
2
+
0 0 0 2 2 1 1
2
3
2
|4Dλλ 72
+〉(1D) 7
2
+
0 0 0 2 2 1 1
2
3
2
Under the heavy-quark symmetry limit [46], the states
within the j- j coupling scheme are constructed by
∣∣∣JP, j〉 =
∣∣∣∣∣
{[(
ℓρℓλ
)
L
sρ
]
j
sQ
}
JP
〉
. (10)
Here, the total orbital angular momentum L = lρ + lλ couples
to the total spin of the two light quarks sρ, and then gets j =
L + sρ. j couples to the spin of the heavy quark sQ, and gives
the total angular momentum J = j + sQ. Similarly, with this
TABLE III: The classifications of the low-lying λ-mode 1P-, 1D- and
2S -wave states within the j- j coupling scheme.
|JP, j〉 JP j nρ ℓρ nλ ℓλ L sρ sQ
|JP = 1
2
−
, 0〉 (1P) 1
2
−
0 0 0 0 1 1 1 1
2
|JP = 1
2
−
, 1〉 (1P) 1
2
−
1 0 0 0 1 1 1 1
2
|JP = 3
2
−
, 1〉 (1P) 3
2
−
1 0 0 0 1 1 1 1
2
|JP = 3
2
−
, 2〉 (1P) 3
2
−
2 0 0 0 1 1 1 1
2
|JP = 5
2
−
, 2〉 (1P) 5
2
−
2 0 0 0 1 1 1 1
2
|JP = 1
2
+
, 1〉 (2S ) 1
2
+
1 0 0 1 0 0 1 1
2
|JP = 3
2
+
, 1〉 (2S ) 3
2
+
1 0 0 1 0 0 1 1
2
|JP = 1
2
+
, 1〉 (1D) 1
2
+
1 0 0 0 2 2 1 1
2
|JP = 3
2
+
, 1〉 (1D) 3
2
+
1 0 0 0 2 2 1 1
2
|JP = 3
2
+
, 2〉 (1D) 3
2
+
2 0 0 0 2 2 1 1
2
|JP = 5
2
+
, 2〉 (1D) 5
2
+
2 0 0 0 2 2 1 1
2
|JP = 5
2
+
, 3〉 (1D) 5
2
+
3 0 0 0 2 2 1 1
2
|JP = 7
2
+
, 3〉 (1D) 7
2
+
3 0 0 0 2 2 1 1
2
coupling scheme the low-lying λ-mode 1P-, 1D- and 2S -wave
states are listed in Table III.
The states within the j- j coupling scheme can be expressed
as linear combinations of the states within the L-S coupling
scheme by [16]
|{[(lρlλ)Lsρ] jsQ}J〉 = (−1)L+sρ+1/2+J
√
2 j + 1
∑
S
√
2S + 1
 L sρ jsQ J S
 |[(lρlλ)L(sρsQ)S ]J〉. (11)
This relationship between the two different coupling
schemes indicates that the states may well be mixed with the
same spin-parity JP within the L-S coupling scheme for the
singly heavy baryons. The mixing angles can be estimated by
Eq. (11).
In this work, the standard quark model parameters are
adopted. Namely, we set mu = md = 330 MeV, ms = 450
MeV, and mb = 5000 MeV for the constituent quark masses.
The decay constants for K is taken as fK = 160 MeV. The har-
monic oscillator space-wave functions are adopted to describe
the spatial wave function of the initial and final baryons, and
the harmonic oscillator parameter αρ in the wave functions
for ds/us and ss systems are taken as αρ = 420 and 440 MeV,
respectively. Another harmonic oscillator parameter αλ is de-
termined by αλ = (
3m′
2m+m′ )
1/4αρ, where m
′ denotes the heavy
quark mass and m denote the light quark mass. The masses of
the final baryons and mesons are taken from the PDG [47].
For the global parameter δ, we fix its value the same as our
previous works [24, 30, 38], i.e., δ = 0.557.
III. RESULTS AND ANALYSIS
Inspired by the newly observed four peaks by the LHCb
Collaboration [10], we carry out a systematic study of the
strong decay behaviors of the singly bottom baryons Ωb up
4to N = 2 shell within the j- j coupling scheme in the frame-
work of the chiral quark model. Our results and theoretical
predictions are presented as follows.
A. 1P states
The predicted masses of the λ-mode 1P-wave baryons Ωb
are about 6.3 GeV (see Table I), which are in good agreement
with the masses of the newly observed four Ωb states [10].
In addition, via evaluation the OZI-allowed two-body decays,
some people obtained that the 1P Ωb states have a narrow de-
cay widths [14, 22], which are in accordancewith the nature of
the newly observedΩb states. To pin down the inner structures
of the four peaks, it is crucial to study the decay properties of
those 1P states carefully.
1. JP = 1/2− states
There are two JP = 1/2− states |JP = 1
2
−
, 0〉 and |JP =
1
2
−
, 1〉within the j- j coupling scheme (see Table III). They can
be expressed as mixed states between |2Pλ 12
−〉 and |4Pλ 12
−〉:
∣∣∣∣∣∣JP =
1
2
−
, 0
〉
= −
√
1
3
∣∣∣∣∣∣2Pλ
1
2
−〉
+
√
2
3
∣∣∣∣∣∣4Pλ
1
2
−〉
, (12)
∣∣∣∣∣∣JP =
1
2
−
, 1
〉
=
√
2
3
∣∣∣∣∣∣2Pλ
1
2
−〉
+
√
1
3
∣∣∣∣∣∣4Pλ
1
2
−〉
. (13)
Their masses are predicted to be above the threshold of ΞbK.
Considering the uncertainties of the predicted mass, we plot
the variation of the decay width of the ΞbK decay mode as a
function of the mass of the state |JP = 1/2−, 0〉 in Fig. 1. The
decay width increases with the mass increasing in the range of
(6290-6350) MeV, and varies in the region of Γ ∼ (33 − 151)
MeV. The decay properties of this state is inconsistent with
the natures of the fourΩb states, thus, the fourΩb states as the
state |JP = 1/2−, 0〉 should be excluded. Since the predicted
width of |JP = 1/2−, 0〉 is not broad, this state might be ob-
served in the ΞbK channel when enough data are accumulated
in experiments.
TABLE IV: Partial decay widths (MeV) of the 1P states within the
j- j coupling scheme in the Ωb family. The value inside of the braces
denotes the reference mass (MeV) of the corresponding state.
State |JP, j〉 Γ[ΞbK] (MeV)
Ωb(6316) |JP = 12
−
, 1〉 · · ·
Ωb(6316) |JP = 12
−
, 0〉 126
Ωb(6340) |JP = 32
−
, 2〉 2.2
Ωb(6330) |JP = 32
−
, 1〉 · · ·
Ωb(6350) |JP = 52
−
, 2〉 3.4
For the other JP = 1/2− state |JP = 1/2−, 1〉, the decay
mode ΞbK is forbidden in the heavy quark symmetry limit
(see Table IV), thus, this state should be very narrow state. We
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FIG. 1: Partial decay widths of the ΞbK channel for the J
P = 1/2−,
JP = 3/2− and JP = 5/2− Ωb states as a function of the mass.
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FIG. 2: Partial decay widths for the JP = 1/2− and JP = 3/2− Ωb
states as a function of the mixing angle.
notice that the widths of two peaks, Ωb(6316) and Ωb(6330),
observed in the Ξ0
b
K− mass spectra [10] are 0.00+0.7−0.0 MeV and
0.00+0.4−0.0 MeV, respectively, which are good candidates of this
state.
Considering the heavy-quark symmetry is only an approx-
imation, the mixing angle between two states within the L-S
coupling scheme should be slightly different from that deter-
mined in the j- j coupling scheme. Namely, the mixing angle
φ for the physical states as mixed states between |2PλJ〉 and
|4PλJ〉 within the L-S coupling scheme, i.e.,
 |P JP〉1|P JP〉2
 =
 cosφ sin φ− sinφ cos φ

 |2PλJP〉|4PλJP〉
 , (14)
may rang from the value of the L-S coupling scheme (φ = 0◦)
to that of the j- j coupling scheme.
For the P-wave states with JP = 1/2−, the mixing angle ob-
5tained in the heavy quark limit within the j- j coupling scheme
is φ ≃ 35◦, namely cos φ = √2/3 and sinφ = √1/3. Thus ac-
cording to the mixing scheme defined in Eq. (14), in Fig. 2 we
plot the strong decay widths of the JP = 1/2− states as a func-
tion of the mixing angle φ in the region of (0◦, 35◦) by fixing
the mass of the resonance at M = 6316 MeV. It is found that
the decay widths are strongly dependent on the mixing angle.
The decay width of |P 1
2
−〉2 is about Γ ∼ (83 − 126) MeV with
the mixing angle varied in the region what we considered. For
the the other mixed state |P 1
2
−〉1, the decay width is close to
zero with the mixing angle tending to φ ≃ 35◦ which is deter-
mined in the j- j coupling scheme. This may be evidence that
the heavy quark symmetry is a good approximation for the
physical states of the singly bottom baryons, thus, the proper-
ties of the newly observedΩb states, Ωb(6316) and Ωb(6330),
can be naturally understood.
2. JP = 3/2− states
Within the j- j coupling scheme, there are two JP = 3/2−
P-wave states |JP = 3
2
−
, 1〉 and |JP = 3
2
−
, 2〉, which can be
expressed as mixed states in the L-S coupling scheme by
Eq. (11):
∣∣∣∣∣∣JP =
3
2
−
, 1
〉
= −
√
1
6
∣∣∣∣∣∣2Pλ
3
2
−〉
+
√
5
6
∣∣∣∣∣∣4Pλ
3
2
−〉
, (15)
∣∣∣∣∣∣JP =
3
2
−
, 2
〉
=
√
5
6
∣∣∣∣∣∣2Pλ
3
2
−〉
+
√
1
6
∣∣∣∣∣∣4Pλ
3
2
−〉
. (16)
For the two JP = 3/2− states, the ΞbK decay mode is the
only OZI-allowed two-body strong decay channel. The de-
cay mode ΞbK is forbidden for the state |JP = 32
−
, 1〉 in the
heavy-quark symmetry limit, thus, this state should be very
narrow state. Combining the natures of the newly observed
states Ωb(6316) and Ωb(6330), we obtain that these two Ωb
resonances are good candidates of the |JP = 3
2
−
, 1〉 state as
well.
For the other JP = 3/2− state |JP = 3
2
−
, 2〉, we also plot
the decay width as a function of the mass in the range of M =
(6290− 6350) MeV in Fig. 1. It is found that the decay width
is very narrow as well. Fixing the mass of |JP = 3
2
−
, 2〉 at
M = 6340 MeV, we obtain
Γ[|JP = 3
2
−
, 2〉 → ΞbK] ≃ 2.2 MeV. (17)
This theoretical width is well comparable with the observa-
tions of the two resonancesΩb(6340) andΩb(6350) [10], thus
the two resonances are good candidates of the JP = 3/2− state
|JP = 3
2
−
, 2〉.
The mixing angle for the JP = 3/2− physical states may
be slightly different from the value φ = 24◦ determined by
the j- j coupling scheme in the heavy-quark symmetry limit.
Similarly we fix the masses at M = 6330 MeV and plot the
variation of the strong decay widths of the JP = 3/2− states
as a function of the mixing angle in Figure 2. From the figure,
it is found that the decay widths for the two JP = 3/2− states
are slightly depend on the mixing angle and less than Γ < 1.3
MeV in the range of (0◦, 24◦).
3. JP = 5/2− states
There is only one P-wave state with JP = 5/2−. There
is no differences between the j- j coupling scheme and L-S
coupling scheme, namely
∣∣∣∣∣∣JP =
5
2
−
, 2
〉
=
∣∣∣∣∣∣4Pλ
5
2
−〉
. (18)
According to the Table I, the theoretical masses of the JP =
5/2− states are about 6.3 GeV. Thus, we plot the decay width
of this state as a function of the mass in Fig. 1 in the re-
gion of (6290-6350) MeV. It is found that this state is most
likely narrow (Γ < 3.5 MeV) within the mass range what we
considered, and comparable with the nature of the newly ob-
served Ωb states, Ωb(6340) and Ωb(6350). Fixing the mass of
|JP = 5
2
−
, 2〉 at M = 6350 MeV, we obtain
Γ[|JP = 5
2
−
, 2〉 → ΞbK] ≃ 3.4 MeV. (19)
So far, we have calculated the strong decay properties of the
five λ-mode P-waveΩb states within the j- j coupling scheme.
Our results show that excepting the state |1/2−, 0〉 being a mid-
dle width state with a width of Γ ∼ 100 MeV, the other four
states are most likely to be narrow states, which are good can-
didates for the newly observed four Ωb states. The newly ob-
served resonances Ωb(6316) and Ωb(6330) can be interpreted
as the light spin j = 1 states, while their spin-parity JP = 1/2−
and JP = 3/2− cannot be distinguished. The other two states
Ωb(6340) andΩb(6350) may be the light spin j = 2 states, but
the spin-parity JP = 3/2− and JP = 5/2− cannot be distin-
guished.
B. 2S states
According to the predicted masses of the 2S states in the
Ωb family (see Table I), the possibility as the candidates of the
newly observed resonances cannot be excluded completely. It
is necessary to study the strong decay properties of the 2S
states.
There are two 2S states with spin-parity JP = 1/2+ and
jP = 3/2+, respectively. For these two 2S-wave states, there
is no differences between the j- j coupling scheme and L-S
coupling scheme. Adopting the predicted masses from the
Ref. [13], we calculate the partial decay widths of the two
2S states. Our results have been listed in Table V. From the
table, we get that the two 2S states may be narrow state with
a comparable total decay width of Γ ∼ 1 MeV.
Considering the uncertainty of the predicted masses, we
plot the strong decay properties of the two states as functions
of the masses in the range of (6.35,6.55) MeV, as shown in
6TABLE V: Partial decay widths (MeV) for the 2S -wave Ωb states,
whose masses (MeV) are taken the quark model predictions of
Ref. [13].
Decay mode
|J = 1
2
+
, 1〉(2S ) |J = 3
2
+
, 1〉(2S )
Ωb(6450) Ωb(6461)
ΞbK 0.51 0.36
Ξ′
b
K 0.32 0.14
Ξ∗
b
K 0.04 0.10
Sum 0.87 0.60
Fig. 3. The total decay widths of the 2S states are about Γ < 2
MeV within the masses we considered.
The decay properties of the 2S states were calculated in
Ref. [25] within quark pair creation model as well. The au-
thors predicted that the total decay widths of the two 2S states
were about Γ ∼ 50 MeV, which were incomparable with our
predictions.
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FIG. 3: Partial decay widths of the 2S states with JP = 1/2+ and
JP = 3/2+, respectively, as a function of the masses.
It should be pointed out that although some people obtain
the theoretical masses of the 2S states in the Ωb family are
about 6.3 − 6.4 GeV [15, 17] and the possibility as the new
observed Ωb states cannot be excluded absolutely, however,
the mass splitting between the 1P and 2S is about 100 − 150
MeV. We notice that the splitting between the four newly ob-
served resonances ranges from several to 10 MeV. If the four
resonances are conventional baryons and two of them are in-
terpreted as the 2S states, while how to understand the other
two resonances will be a great challenge.
C. 1D states
The 1D-wave Ωb states are most likely to be observed in
forthcoming experiments as well. In Ref. [33] we have stud-
ied the strong decays of the 1D-wave Ωb states in the L-S
coupling scheme. Since the heavy-quark symmetry indicates
the the singly-heavy baryons may more favor the j- j coupling
scheme, in present work we further give our predictions in the
j- j coupling scheme.
For the λ-mode 1D states, there are six states within the j- j
coupling scheme and the corresponding relations to the states
in the L-S coupling scheme are
∣∣∣∣∣∣JP =
1
2
+
, 1
〉
=
∣∣∣4Dλλ 12+
〉
, (20)
∣∣∣∣∣∣JP =
3
2
+
, 1
〉
= −
√
1
2
∣∣∣2Dλλ 32+
〉
+
√
1
2
∣∣∣4Dλλ 32+
〉
, (21)
∣∣∣∣∣∣JP =
3
2
+
, 2
〉
=
√
1
2
∣∣∣2Dλλ 32+
〉
+
√
1
2
∣∣∣4Dλλ 32+
〉
, (22)
∣∣∣∣∣∣JP =
5
2
+
, 2
〉
= −
√
2
3
∣∣∣∣2Dλλ 52+
〉
+
√
7
3
∣∣∣∣4Dλλ 52+
〉
, (23)
∣∣∣∣∣∣JP =
5
2
+
, 3
〉
=
√
7
3
∣∣∣∣2Dλλ 52+
〉
+
√
2
3
∣∣∣∣4Dλλ 52+
〉
, (24)
∣∣∣∣∣∣JP =
7
2
+
, 3
〉
=
∣∣∣4Dλλ 72+
〉
. (25)
For the D-wave Ωb states, within the masses adopted from
Ref. [13] we calculate the strong decays of the 1D states and
collect in Table VI.
From Table VI, it is seen that the total decay widths of |J =
1/2+, 1〉 and |J = 3/2+, 1〉 are about Γ ∼ 28 MeV, and both
mainly decay into ΞbK. The strong decays of the states |J =
5/2+, 3〉 and |J = 7/2+, 3〉 are governed by the ΞbK channel
as well, and the total decay widths of both states are about
Γ ∼ 10 MeV. However, the decay mode ΞbK is forbidden for
the states |J = 3/2+, 2〉 and |J = 5/2+, 2〉. The two states
might be narrow state with the total decay widths of Γ ∼ 11
MeV and Γ ∼ 6 MeV, respectively. Meanwhile, we notice
that the strong decays of the state |J = 3/2+, 2〉 is dominated
by the Ξ′
b
K channel, while that of the state |J = 5/2+, 2〉 is the
Ξ∗
b
K channel.
Comparing with the predictions in Ref. [25], the main de-
cay channel for each 1D states is consistent with each other.
However the total decay widths are difference, especially for
the states |J = 1/2+, 1〉 and |J = 3/2+, 1〉. The predicted total
decay widths for the two states in Ref. [25] are about three
times larger than ours.
IV. SUMMARY
In this paper, we carry out a systematic study of the OZI
allowed two-body strong decays of the low-lying λ-mode Ωb
resonances up to the N = 2 shell in the framework of a chiral
quark model within the j- j coupling scheme. For the newly
observed four Ωb states, we give a possible interpretation in
theory. Meanwhile, we give the predictions for the decay
properties of the 2S - and 1D- wave states, and hope to pro-
vide helpful information for searching these missingΩb states
in the future.
7TABLE VI: Partial widths (MeV) of strong decays for the λ-mode D-wave Ωb baryons, whose masses (MeV) are taken the quark model
predictions of Ref. [13].
Decay mode M f
|J = 1
2
+
, 1〉(6540) |J = 3
2
+
, 1〉(6530) |J = 3
2
+
, 2〉(6549) |J = 5
2
+
, 2〉(6520) |J = 5
2
+
, 3〉(6529) |J = 7
2
+
, 3〉(6517)
Γi Bi (%) Γi Bi (%) Γi Bi (%) Γ Bi (%) Γi Bi (%) Γi Bi (%)
ΞbK 5794 22.1 77.1 22.4 81.5 · · · · · · · · · · · · 9.06 91.5 7.83 91.05
Ξ
′
b
K 5935 4.69 16.4 1.05 3.8 9.49 85.3 0.15 2.6 0.24 2.4 0.09 1.04
Ξ∗
b
K 5955 1.86 6.5 4.04 14.7 1.63 14.7 5.61 97.4 0.60 6 0.68 7.91
total 28.65 27.49 11.12 5.76 9.90 8.6
Our theoretical results show that the newly observed states
Ωb(6316) and Ωb(6330) are most likely to be explained as the
1P wave states with the light spin j = 1, while the spin-parity
JP = 1/2− and JP = 3/2− cannot be distinguished. The other
two newly observed statesΩb(6340) andΩb(6350) may corre-
spond to the 1P-wave states with the light spin j = 2 excepting
the spin-parity JP = 3/2− and Jp = 5/2− cannot being distin-
guished. In addition, we notice that the state |1/2−, 0〉(1P)
might be a moderate width state with a total decay width of
Γ ∼ 100 MeV, and the ΞbK channel mostly saturates its total
decay width.
For the two 2S states with the spin-parity JP = 1/2+ and
JP = 3/2+, they might be narrow states with a total width
of Γ < 2 MeV. Considering the large mass splitting between
1P- and 2S -wave states together with the small mass splitting
along the observed four peaks, it is unnatural to explain two
of the four peaks as 2S -wave states within the conventional
baryon picture.
For the 1D states, the total decay widths are not broad and
vary from several to dozens of MeV. In addition, we notice
that the strong decays of the states |J = 1/2+, 1〉, |J = 3/2+, 1〉,
|J = 5/2+, 3〉, and |J = 7/2+, 3〉 are governed by the ΞbK
channel, while this channel is forbidden for the states |J =
3/2+, 2〉 and |J = 5/2+, 2〉. The state |J = 3/2+, 2〉 dominantly
decays to the Ξ′
b
K channel, and the state |J = 5/2+, 2〉 are
governed by the Ξ∗
b
K channel.
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